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EXECUTIVE SUMMARY

The purpose of this project was to evaluate the ability of class C cargo compart-
ments to suppress and control cargo fires. It was determined in previous work
that class D cargo compartments with good fire barrier liners could contain baggage
fires. As a result of that work, a more severe test method was proposed to

*evaluate the burn-through resistance of class D cargo liners. Class D cargo
compartments depend on the limited availability of oxygen through restrictions on
volume and leakage rates to suppress any fires that are likely to occur. The
liners used in class D cargo compartments must be abic to maintain their integrity
after exposure to direct flame impingement for several minutes before oxygen
starvation reduces the flaming combustii to a smoldering state.

Class C cargo compartments are generally larger than class D compartments and
detection and suppression systems are required. The liners used in these cargo
compartments must also maintain their integrity after exposure to direct flame
impingement for up to several minutes before detection occurs and the suppression
system is discharged. In this case, the integrity of the liners is important to
limit the mixing of cabin exhaust air with the air in the cargo compartment.
Failure to do this could result in a concentration of Halon that would be insuffi-
cient to suppress the fire for the length of time required during aircraft certifi-
cation. Some of the cargo I ners used in class C cargo compartments do not pass

4the more severe proposed test. This study was undertaken to determine if the
liners used in class C cargo compartments need to demonstrate the same high burn-
through resistance as class D cargo liners.

Twenty-three fire tests were conducted in the 2357-cubic foot class C cargo
compartment. The test variables included the cargo lining material, fire source,
loading configuration and smoke detectors. The cargo liners used in these tests
passed the vertical and 450 flammability requirements of FAR 25.853 and FAR
25.855 but not all of the liners passed the more severe test proposed for class D
cargo lining material.

one of the major conclusions of this study is that the test method specified in FAR
25.855 does not assure that class C cargo liners will not burn through when
subjected to realistic fires. In addition, class C cargo compartments are not
effective at controlling fires after a liner burn-through has occurred. Another
major finding is that the smoke detection system used did not always give an early
warning of fire and subsequently gave false indications of the level of smoke in
the compartment.

vii



INTRODUCTION

PURPOSE.

The objective of this project was to experimentally determine the effectiveness of
*contemporary class C cargo compartment designs in suppressing and containing

cargo fires. It was determined in previous work that class D cargo compartments
*with good fire barrier liners could contain baggage fires (reference 1). As a

result of that work, a more severe test method was proposed to evaluate the burn-
through resistance of class D cargo liners (reference 2). Class D liners that
did not pass this test did not successfully contain cargo fires in all cases.
Some of the cargo liners used in class C cargo compartments did not pass that
proposed test. This study was undertaken to determine if the liners used in
class C cargo compartments need to demonstrate the same high level of burn-through
resistance required of class D cargo liners.

BACKGROUND.

The majority of the cargo compartments on Ur.-ed States (U. S.) wide body transport
aircraft are certified as class C compartments. They range in volume from 735 to
6200 cubic feet. The requirements for certification of cargo compartments are
listed in appendix A. Basically, class C compartments are required to have smoke

* detectors and fire suppression systems as well as the ability to control ventila-
tion. The smoke detectors currently used are the photoelectric type. These are
act ivated when smoke particles scatter a beam of light onto a photocell to trigger

*an alarm. The alarm usually consists of both an aural -tone and warning lights in
* the cockpit.

The typical crew procedure, in the event of an alarm, is to manually select the
cargo compartment for discharge, shut off any forced 'ventilation into that compart-
ment and then manually discharge the suppression agent. On some aircraft, the
selection of the cargo compartment for discharge will automatically shut off any
forced ventilation into that compartment. Dual smoke detectors are commonly used
to prevent false alarms. Both detectors must signal the presence of smoke before
action is taken by the flight crew. Each detector is required to have a test
circuit, controllable from the cockpit to confirm the functioning of the detectors.
The time from the activation of cargo smoke alarm until agent discharge varies with

*crew reaction time and the emergency procedures of the particular aircraft. The
fire suppression systems use Halon 1301 as the agent. The initial discharge bottle
holds the amount of agent necessary to provide a concentration of five percent in

*an empty cargo compartment. A backup bottle of agent is also provided and is used
to maintain a concentration of at least three percent in the compartment for up to
one hour after the initial bottle has been discharged. The performance of the:suppression system is verified by flight tests during the aircraft certification
process. The cargo liners used in class C compartments must meet the vertical
self-extinguishing and 45@ burn through tests specified in FAR 25.853 (b) and FAR

*25.855 (a-I).



1) 1 S('i'" i N

E" I' AR FI CLE.

jHit test art waVt th' .it! Sin , . i'-1r-iCF fuselage between stations 1460
-Ind l198(. Tht -ulkhead tilit st-p.o ii .! " ''.,, cii', .'inpartment and the aft
tnU1 . ,c ' t ' m n! ,. it -'.'., .1 1 -. ,. iw, I Co, npartnent with a

- . i I' L -I !t .. -p ii.ii,-isions of the cargo
l, l} it 'A 1 ,:.: 1 'J) 1 ir od wit i: galvanized

A!,i.i \ i r t 'i. 1  tabin. The ends of
rt,' ,.i--'1 4,' w t nt it wi ri .. , ii ,nnecessary doors and
wi 'I 'w. wL,, t. . ahin and cargo compart-

:It . -lic diameter perfora-
-d 'I i cab, Ip l),i and ran the length of

. Mi I- WArI-,it ..,o t, . testing at the rate of
.'.,, '41 ti-,t 1,.i 1 ,:titw P.- wh, I ! ,,',, I i j',i'× Xiiiatt-lv one air change every

t n , .- . l'tIi s I l,w. '., ut ,.) t - tmi thri, h , p,-ni ngs along the sides of
Ii, , , i l, down, nr,,I id t II- C . 'Inpirt ment n't exi ted through an outflow

'4 ', i,,, itt,',J in tt l s.t io at '. so og' , .iaLdo.- the. cargo compartment
I ' Aj ,,'. svs t'.) ,')il I> I ' ', fC a t , antd , i ring was installed in the cheek

, 't Li, t L t I t i, t is .,- : v ti- fore air into the cargo
, II Pt oont at *I )d (T' .. . ,:, I it,"A a hi.,t Ig and Veil! ilatio system used on some

I vr ,) lili %- < a:t I .t Ion VStcm I soititt iines referred to as a pet
.,I , - .t - . . d- anI e ]nv ron' ment -:II table for the transportation of
S, . . .i it o- t 1,1 tho cargo, , ,mpartment was controlled by a
,,,ri , , ,, ,vment j,'nding to -i x'i"' 's and a calibrated orifice
r I,. I .c . [ ,'his system w,,s , ,d to raise the leakage rate

.- ': K'" ! whiJh w. i; the leakag, rat"' m,,asured from an in-
I, v ' - , f ;ii i-t int it of c, 'ii.'rab Ie size. Figur s 2, 3, and 4 illus-

ro., i- '.tti 't ' , tfll' .e!. Ihe leakage, an] v ut ilat r,. ,ires in the test
-* I . ,' ' ,.:,. ioti, rm in ,,., by filling the cc,;,, -',n t with either

" " , ',, I S ', . , ' tit inr the. rate of decay of dit c!xi nguishing agent
Ai : 'i''', t '' j iat ei t o n leakage rate (refere.nce 3).

. T!ni ''vt' ''.t' 1 i '' iaI e iit n 1301 fire bottles
I' ! , . " i . that ral (Own the -t,- in, ot' the fuselage between th,

... .. ''''it .. I. n ih , bu: fi ,"r. .b- was dis-Iiarged into the carg,,
, t .:: -','' t ,,r;'eh "i,, Ic . n'ted to the manifold.

i I t,, t . t ii' ,xt iu 1siting s. st -i. it, initial !is, harge of Halon was
*. .. '11i 1i tv i111,oitt .,t' I1' firinu' '1 , th , f ''' hot: I 'n i ch contained 25

t i i 1, 1 1 a v, It k It I. I!> I. i. , t i i produce an initial
-:it I it I . ,i I It, per, cot by , ijin, i n ttt. t'iltt v tuist 'lit i t. The third fire

' 1 i L ,, c,,t i n, I 25 poinds at oxt inguiishin,,, :v ' :in w:'. kisus'd as the backup
. ,, v- ha, 'Kp Lharge was t ir!,J whe, nt , . 'i .nintites after the

.t i, !tstiarei-. 'is was h r tine, d. i'trmi' '. ', t ti.it the concentra-

* I , ': i ti- I , the inIt Iat dish,'iig- w,,l.I ,o ' r ,' ent . Discharge
. -.. , . 'rlttc t , thi fi 1 it'v ext ia,,' -hii:, s':', i' 21! 1<1 in the cabin

t r f r I
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SMOKE DETECTION.

An air sampling, smoke detection system was installed in the test article. It
consisted of four pickup ports on the centerline of the cargo compartment, two
inches below the ceiling liner. The facility vacuum system was used to draw air
from these pickup ports through the smoke detectors. Figure 6 illustrates the
smoke detection system. Two photoelectric detectors were used for all tests. It
was these detectors that determined the time that airflow into the compartment was
reduced and the suppression agent was discharged. Two ionization detectors w re
added to the system for tests 5 through 21 for comparison purposes. A new smoke

*detection system was fabricated for tests 22 and 23. New tubing was installed and
the number of pickup ports was increased to 6. New detectors were also installed
for these tests.

INSTRUMENTATION.

A total of forty-five chromel/alumel thermocouples were installed throughout the
test article. Twenty-three of these were evenly spaced in the cheek area and in
the area between the cargo ceiling liner and the cabin flooring. These were used
to record temperatures outside of the cargo compartment and to help determine

the time of burn-tthrough, should it occur. The remaining twenty-two thermocouples
were positioned throughout the cargo compartment.

Four smoke meters consisting of a collimated light beam incident upon a photocell
were installed in the test article. One of these was in the center of the cargo
compartment approximately one foot below the ceiling liner. The three additional
smoke meters were installed in the upstairs cabin at heights of 32 inches, 64
inches, and 96 inches above the cabin floor.

The Halon 1301 concentration in the cargo compartment was measured at Lwo different
locations using two Beckman Model 865 Infrared analyzers. A sampling system
was used to enable the concentration to be measured at four different heights At
the two locations. Each height was measured for one minute before proceeding to
the next height. This cycling continued for the duration of the test.

rhe oxygen concentration in the cargo compartments was measured with a Beckman
OMIIEA Oxygen analyzer. The sampling point was in the center of the cargo compart-
ment at a height of four feet. Figures 7, 8, and 9 show the location of the
instrumentation in the test article.

TEST SERIES.

A total of 23 fire tests were conducted in the 2357-cubic foot cargo compartment of
the test article. Tests were conducted using galvanized steel, fiberglass/
polyester, and Kevlar/epoxy cargo lining materials. Table I gives a summary and
bbief description of the 23 tests.

The fire-load for tests 1 through 12 consisted of a cloth gym bag filled with
rags, newspaper, and matches. This was set in among a variety of types of suitcases
tilled wilh clothes. The matches in the gym bag were ignited with Nichrome wire to
start the test. The fire-load for tests 13 and 14 consisted of cardboard boxes
filled with packing foam, newspaper, and matches and placed inside an aluminum LD-3
cargo container with a polyester/PVC door covering. The matches were ignited
with Ni hrome wire. Tests 15 through 23 used a fire-load similar to the ones used

3



TABLE 1. SUMMARY OF TESTS

SMOKE (SECS)
TEST No. LINER DETECTION FIRE LOAD COMMENTS

1 Galvanized 71 Cloth bag Initial Halon
Steel with rags, discharge

newspaper extinguished
and matches fire

2 Galvanized 87 same Fire was sup-
Steel pressed but

not extinguished

3 Galvanized 25 same Initial Halon
Steel discharge extin-

guished fire

4 Galvanized 85 same Fire was sup-
Steel pressed but

not extinguished

5 Fiberglass 206 same Fire was sup-
13 mil pressed but
ceililng not exticguished

6 Fiberglass 173 same Fire was sup-
13 mil pressed but

* ceiling not extinguished

7 Kevlar 100 same Initial Halon
11 mil discharge extin-
ceiling guished fire.

8 Kevlar 112 same Fire was sup-
11 mil pressed but
ceiling not extinguished

9 Keviar 99 same Delayed Halon
11 mil firing for one
ceiling minute after

detection. Large
hole burned in
liner. Open
flaming in
compartment
after 40 minutes,
Second Halon dis-
charge did not
suppress fire.

10 Kevlar 76 same Delayed Halon
11 mil firing for one
ceiling minute after

detection. Large
hole burned in
liner. Fire
continued to
smolder but
no flames were
observed

11 Fiberglass 59 same Delayed Halon
13 mil firing for one
cellin minute after

detection. Fire
was suppressed
but not extin-
guished.

4
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TABLE I. SUMMARY OF 1ISIS (C-,1 -. I

12 Kevlar 162 same Lelcye halon
17 mil ceiling t,.rlrg for one
27 mUi sidewall minute after

c tectlon. Fire
r as r uppressed

.... not extin-
gu:lhed. No burn
tr u;gn.

13 Kevlar 250 Box ttlled Fire was
11 mil with foam, contained
ceiling newspaper in aluminum

and matc'hes HP-7 with
inslde pclyester
carco con- . door
ta i n r. ,. e r, r. ,

14 Kevlar 119 Box fiIIe,- F re n,-rred
11 mm 1 sith foam, trouzr
ceiling newspaFer pr.ester/FVC

ar matc,,en door covering at
inside aout the same
cargo con- timre as detec-
tamner tion. Halon

suprressed the
fire. No liner
burn thrcugn

15 Kevlar 214 Cloth Ltaw S'eke and flames
17 mil with rawEs were vms:hle in
ceiling new-7per cve'neao cabr

and matches before detection
and 1/5 o Halon was
gallon of fireo early, at
rum ' li'" seconds.

halon suppressed
the fire.

16 Kevlar 119 same Fire bJrned
17 mil through liner at
ceiling approximately the

same time as
detection. Fire
was suppressed
but not extin-
guished.

17 Kevlar 93 same Fire burned
17 mil through liner at
ceiling aproximately the

same time as
detection. New
detectors were
umed for this
te-t. Open
flaming in com-
partment at 80
.utei . Flames

visible in cabin

18 Fiberglass 178 same Fire was sup-
13 mil pressed but not
ceiling ext mngushed.

Some smoke in
cabin,.

o



TABLU. I. SUMMARY OF TESTS (Continued)

19 Fiburglass 18 cloth bag First Halon
13 nil with rags, discharge extin-
ceilin; newspaper, guished fire.

matcnes
and one
quart methyl
alcohol.

20 Fiberglass 140 same First Halon
13 mil discharge extin-
ceil inz guished fire.

21 Fiberglass 10 boxes, Incendiary device
13 mil suitcases in suitcase.
ceiling First Halon dis-

charge extin-
guished fire.

22 Kevlar 58 cloth bag Fire was sup-
17 mil with rags, pressed but
ceiling newspaper, not extinguished.

met.ches, No burn through
and one
quart methyl
alcohol.

23 Kevlar 186 same as 22, Fire was sup-
17 mil except bag pressed but not
ceiling zipped extinguished.

close No burn through.

I
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in tests I through 12. The only difference was the addition of a small quantity
of flammable liquid. One fifth of a gallon of 151-proof rum was used in tests 15
through 18 and one quart of methyl alcohol was used in tests 19 through 23. This
liquid was put in plastic bags inside the gym bag and was arranged to rupture at
the start of the test. This was done to simulate the potentially damaging type of
cargo fire that ignites quickly with very little smoke initially. A partially
loaded cargo compartment was simulated by filling approximately forty percent of
the compartment volume with cardboard boxes filled with packing foam. These boxes

were only used to displace the air in the compartment and were not involved in any
fires. Galvanzied steel, 0.013-inch fiberglass/polyester and 0.011-inch and
0.017-inch Kevlar/epoxy ceiling liners were used in the tests. These liners were
installed in a section of the ceiling, covering an area approximately 72 inches by
90 inches with the fire source Lentered under that section. Test 12 also used a
0.027-inch Keviar/epoxy sidewall liner in addition to the ceiling liner. The fire
for test 12 was ignited approximately one foot away from the cargo compartment
sidewall, adjacent to the Kevlar/epoxy test section.

The procedure used in these tests was to operate the pet air system at its full
capacity of 260 cubic feet per minute at the start of the test. When both photo-
electric smoke detectors signaled the presence of smoke, and after a predetermined
delay time, the pet air fan was turned off and 50 pounds (lbs) of extinguishing
agent was discharged into the cargo compartment. The conditions in the cargo
compartment were then monitored for up to two hours. If the fire was not extin-
guished by the initial agent discharge, the backup bottle of 25 lbs of halon was
discharged 54 minutes after the initial discharge.

TEST RESULTS AND ANALYSIS.

The test fires penetrated and burned away sections of ceiling cargo liners in five
of the tests conducted.

The following are the test numbers and conditions when the burn-throughs occurred.

TEST 9. The fire was ignited in a cloth bag filled with rags, newspaper, and
matches and placed approximately 18 inches below the 0.011-inch thick Kevlar
ceiling liner. Halon was discharged into the cargo compartment approximately one
minute after the detection of smoke. Approximately 40 minutes after the initial
discharge, flaming combustion was visible in the cargo compartment. The backup
Halon bottle was discharged at 43 minutes when the overhead cabin filed with smoke
and flames were observed coming through cracks in the cabin flooring. The fire
melted some of the aluminum structure to which the cargo liners were attached and

charred the underside of the cabin flooring. The fire did not burn through
the cabin flooring but some flames did come through the cracks where the cabin
floor was attached to the seat tracks. There was no combustable materials such as
carpets or seats in the cabin that could possibly have ignited. The backup bottle
of halon did not suppress the fire. The facility C02 fire extinguishing system
was used to terminate the test at 44 minutes. A hole approximately 40 inches by 28
inches was left in the ceiling liner.

TEST 10. The fire was ignited in a cloth bag filled with rags, newspaper, and
matches and placed approximately 18 inches below the 0.011-inch thick Kevlar
ceiling liner. Halon was discharged into the cargo compartment approximately one
minute after the detection of smoke. The backup halon bottle was discharged 54
minutes after the initial discharge. A hole approximately 31 inches by 20 inches
was left in the ceiling liner.

7
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TEST 15. The fire was igit it d it a clth i f I Led wi th rags, newspaper, matches,

.l11i. , rn t. fth of a gal Lon i row arnd plned Ipproximatelv 18 inches below the
I. !I-n, thick Kev tar ceil I ing i ner. Hlalon ,is discharged into the cargo
, n.l,t at approximatel two and a hal ft mi nutes when flame and smoke were

v isib, in tio, cabin. Smoke detection did not occur until approximately three and
.i hal t t 1ff ItS . The initial haln dischirge ext inguished the fire. A hole
, iji; )XIII,(,t',v Ia inc~hes in diamr -r wa.S l,,t in th, ceiling liner.

I'EST 10. I'h, t re was igni ted in a cloth bag filled with rags, newspaper, matches,
and one fitFth of a gal Lon of rum and placed approximately 18 inches below the
0.017-inch thick Kevlar ceiling liner. Halon was discharged into the cargo
compartme-nt approximately 25 seconds after smoke detect ion. This discharge
, S 'pv ssd tit,, ft:r,, s but did not ext iiguish the fire. The backup bottle of halon
w,is d' , ( gd ,.d )4 iijnuts after the initia! discharge. No flames were observed but
the fir t cent intIw to smolder. A hIl.eo approximately 12 inches in diameter was left
in the cti l ug lii' .

TEST 17. tl,' tr was ignited in a cloth bag filled with rags, newspaper, matches,
and one f tth ol a gallon of ruf, and placed approximately 18 inches below the
0.017-inch thick K,.viar ceiling liner. li lon was discharged into the cargo
compartment appr,.-zimately 14 seconds aftt, smoke detection. The backup bottle of
Halon was dischar keu at ipproximat. v 56 minitcn. At approximately 80 minutes into
the test, flam njig ... bhstion was visible in 'e cargo compartment. The test was
terminated at l2 minutes with the f cilitv C02 extinguishing system. A hole
ajproximatetv 1.? tv 1,S inches was left in thu coiling liner.

he fibergIlis antl t viar carg., Lin'rs us0d in this test program passed the
v,,rL ical and i' I- e bturner tests spet i i,,d in FAR 25.853 and 25.855. The
Keyv tar cargt l ntrs did not pass the test pr,,pised in report DOT/FAA/ CT-83/44
! :-.:ter'nite 2i. Iit ,,st iit ilizts a 2-ga , per hlour kerosene burner and has been
p ! )[,,,S d as w , , t,,T , lass D ,arg' itp.rtnient liners. Using this test, the
l .uJll-inch and I):.1 -i.-h Kz-vlar cargo Iinets litried through in 13 and 15 seconds,

I ,- t t tiItul .1i ''.13 t,_ci fiberelass wa'- ,xpos ed to the burner for 5 minutes
with no burn- t: 2 i, :

it;,. I t v., 'n,.s. I ,t -glas. and K v I i t  go liners as fire barriers can be
in it igurt I . i i. Figure lo is a plot o- the highest temperature measured

,.. w tad a',,v , Kevlar citirng linr fir t,..1t 9. The temperature above the
-i A. • , d,, t .K .t ,trat it e ,,low the 1 ,rlt': , i: 1v in the test, as burn--through

* -r,. H I ,' wi-: lischarged and the fir, w )- ;nppressed for approximately 40
,t'-s bf(.e it i t- d up again. The ttmp' it i ab:ve the liner again exceeded

i t T. I il I' liner when trh ti: . :.n i . Figure II is a I! )t of
st t ,ni. tr, rneisureo hlw ati, at. tIi, b rglass ct, ling i let for

1. "lht ,.; e Iatir bel hw th , , 0t l h F b fre hd,1 n was
t , ed b t t;- t,';;Io'er .'it I , bov ,. " ;i et . ted les. than 4000 1j r the

To te;t.

i b lity ot 1. Kvlar ,anol tiblr,,ol iss liners to ,!;trol. .ratts and ventilation
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The ability of the Keviar and fiberglass liners to limit the amount of smoke
introduced into the cabin can be seen in figures 13 and 14. Figure 13 shows that
in the test with the Kevlar liner in which burn-through occurred, the smoke in the
cabin became dense enough to reduce light transmission to approximately 50 percent
of that of clear air. This occurred twice, once during the initial burn-through
and again when the fire reignited. In the test with a fiberglass liner, the
light transmission in the cabin was reduced to approximately 70 percent of that
of clear air. This occurred early in the test and was probably due to the burning
of the polyester resin on the back face of the cargo liner. The light trans-
mission in the cabin came back up to near 100 percent in approximately 10 minutes
and remained there for the duration of the test. Figure 14 shows the light
transmission in the cabin for two additional tests. In the test with the Kevlar
liner in which burn through occurred the light transmission in the cabin was
reduced to approximately 90 percent but returned to near 100 percent in approxi-
mately 5 minutes. In the test with the fiberglass liner the light transmission was
reduced by approximately 2 percent and then returned to near 100 percent shortly
after. Again, this was probably due to the burning of the polyester resin on the
back face of the cargo liner.

The photoelectric smoke detectors were calibrated by the manufacturer to alarm at
approximately 93 percent light transmission over 1 foot. One of the requirements

* of Technical Standard Order (TSO) Clb, which covers the detectors used in cargo
compartments is that they detect the presence of smoke at levels between 84 and 96
percent light transmission. Table 2 gives the percent light transmission as
measured by the smoke meter at the time the smoke detector alarmed and at the time
they dealarmed. This was the level of smoke measured by the smoke meter and was
not necessarily the same level of smoke in the smoke detector chamber. On three
occasions, the smoke meter measured levels of smoke significantly below the
required 84 percent when the smoke detectors alarmed. This occurred in tests 6,
15, and 19. There were 14 tests in which the smoke detectors dealarmed and smoke

*meter data were available. In 13 of those 14 tests, there was significant levels
of smoke in the compartment when the detectors dealarmed. The smoke meter measured
light transmission ranging from 26 to 87 percent for those 13 tests at the times
that the detectors dealarmed.

SUMMARY OF RESULTS

1. The test fires were not successfully suppressed and controlled in all cases
when Kevlar ceiling cargo liners were installed in the test article.

2. The test fires were successfully suppressed and controlled when fiberglass
* ceiling cargo liners were installed in the test article.

3. The smoke detectors did not alarm for several minutes during many of the tests
and dealarmed when there was still significant levels of smoke in the compartment.

4. Smoke was present in the overhead cabin during several tests. This occurred
in tests using Kevlar/epoxy liners and in tests using fiberglass/polyester liners.
The greatest amount of smoke in the overhead cabin occurred in the tests with
Kevlar/epoxy liners in which a burn through occurred.

9



TABLE 2. SMOKE DENSITY IN COMPARTMENT

SMOKE SMOKE
DENSITY DENSITY

ALARM AT ALARM DE-ALARM AT DEALARM
TIME (% LIGHT TIME (% LIGHT

TEST (SECS) TRANSMISSION) (SECS) TRANSMISSION)

1 71 99 629 47
2 87 93 1065 32
3 25 96 863 60
4 85 96 602 65
5 206 * / /
6 173 70 / /
7 100 99 474 *
8 112 99 / /
9 99 99 / /

10 76 99 3460 57
11 59 99 / /
12 162 90 / /
13 250 92 / /
14 119 99 / /
15 214 62 490 64
16 119 100 2130 53
17 93 96 3430 98
18 178 84 230 26
19 185 66 210 35
20 140 94 180 32
21 10 100 240 72
22 58 99 207 87
23 186 95 270 80

* Smoke meter data not available

Detectors did not dealarm
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CONCLUSIONS

1. The halon extinguishing system effectively suppressed the initial flames and

effectively controlled the fire provided that ceiling liner burn-through did

not occur.

2. The smoke detection system did not always give early warning of fire and

subsequently gave false indications of the level of smoke in the compartment.

3. The test method specified in FAR 25.855 does not assure that class C cargo

liners will not burn through when subjected to realistic fires.

4. Class C cargo compartment detection/extinguishing systems do not effectively

control cargo fires after liner burn-through has occurred.
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CEILING CARGO
LINER TEST SECTION

SIDEWALL
CARGO LINER
TEST SECTION

(TEST 12)

• KEY

-Smoke meter

4-Thermocouples outside
cargo compartment

0-Thermocouples inside
cargo compartment

0-Halon analyzer probes

U-Oxygen analyzer probe

FIGURE 7. INSTRUMENTATION LOCATION END VIEW
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APPENDIX A

CARGO COMPARTMENT CLASSIFICATION FAR 25.857 CLASSES A THROUGH E

Class A

A class A cargo or baggage compartment is one in which (1) the presence of fire
would be easily discovered by a crew member while at his station; and (2) each
part of the compartment is easily accessible in-flight.

Class B

A class B cargo or baggage compartment is one in which (a) there is sufficient
access in flight to enable a crew member to effectively reach any part of the
compartment with the contents of a hand-held fire extinguisher; (b) when the access
provisions are being used, no hazardous quantity of smoke, flame, or extinguishing
agent will enter any compartment occupied by the crew and passengers; and (c) there
is a separate approved smoke detector or fire detector system to give warning at
the pilot or flight engineer station.

Class C

- A class C cargo or baggage compartment is one not meeting the requirements for
0 either a class A or B compartment but in which (I) there is a separate approved

smoke detector or fire detector system to give warning at the pilot or flight
engineer station; (2) there is an approved built-in fire extinguishing system
controllable from the pilot or flight engineers station; (3) there are means to
exclude hazardous quantities of smoke, flames, or extinguishing agent from any
compartment occupied by the crew or passengers; and (4) there are means to control

* ventilation and drafts within the compartment so that the extinguishing agent used
- can control any fire that may start within the compartment.

Class D

A class D cargo or baggage compartment is one in which (a) a fire occuring in it
* will be completely confined without endangering the safety of the airplane or the

occupants; (b) there are means to exclude hazardous quantities of smoke, flames or
* other noxious gases, from any compartment occupied by the crew or passengers; (c)
* ventilation and drafts are controlled within each compartment so that any fire

likely to occur in the compartment will not progress beyond safe limits; and
(d) consideration is given to the effect of heat within the compartment on adjacent

*critical parts of the airplane. For compartments of 500 cubic feet or less,
* an airflow of 1500 cubic feet per hour is acceptable.

-. Class E

A class E cargo compartment is one on airplanes used only for the carriage of cargo
and in which (a) there is separate approved smoke or fire detector system to give
warning at the pilot or flight engineer station; (b) there are means to shut off
the ventilation airflow to or within the compartment, and the control of these

* . means are accessible to the flight crew in the crew compartment; (c) there are
* . means to exclude hazardous quantities of smoke, flames, or noxious gases, from the
* flight crew compartment; and (d) the required crew emergency exits are accessible

under any cargo loading conditions.
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